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VIBRATING SLOT SIEVE SLURRY
PROCESSING APPARATUS AND METHOD

BACKGROUND

1. Field of the Invention

The present mvention relates to processing of slurries.
More particularly, the present invention relates to apparatus
and methods for processing slurries.

2. The Prior Art

Many processes in industries such as farming, the food
and beverage imdustry and others, involve the handling of
slurries 1including mixtures of solids and liquids. In a large
number of these processes, 1t becomes necessary at some
point to separate the solid components of the slurries from
the liguid components of the slurries. A non-exhaustive list
of examples of slurries include manure, beer and wine
sludge, nut and grain hulls and other food products.

There are numerous reasons to separate out liquid com-
ponents of slurries. Such purposes include, but are not
limited to, waste water processing, clean water recovery,
weight reduction prior to hauling solid waste components of
a process to reduce transportation costs.

One particular application of the need for separation of
solids and liquids from slurries 1s found in dairy farming. On
dairy farms, dairy cows eat and walk on concrete tlush lanes.
While 1n these lanes, the cows excrete solid and liquid waste,
approximately 15 to 20 gallons of solid waste per cow per
day. The solid waste 1s a valuable commodity and 1s used for
tertilizing as well as creating bedding for cows. Thus, dairy
farms pump water from large storage lagoons into the dairy
cow flush lanes in order to flush the lanes and collect the
solid and liquid waste, 1n a storage pit from which 1t 1s mixed
and pumped over a screen separator to remove the solids
from the water.

It 1s known 1n the art to pump the tflushed water, that 1s
water that has already been flushed down the dairy cow flush
lane, to a solid waste separator. One known method of
separating the solid waste 1s to use a metal screen filter, onto
which the flushed water 1s pumped. The water passes
through the metal screen while a percentage of the solid
waste remains on the top surface of the metal screen filter.
The solid waste slides off the screen onto a solid waste
storage slab. The solid waste then can be removed from the
storage slab and used for fertilizer, or 1t may be further
processed into a compost heap to make a more valuable form
of fertilizer. Once a percentage of solid waste 1s removed
from the flushed water, the flushed water 1s drained into a
storage lagoon. The flush cycle repeats by pumping water
from the storage lagoons down the dairy cow flush lanes.

Given that a typical large dairy farming operation may
have 5,000 dairy cows, and 35 dairy cow flush lanes. A
typical tlush pump used in such an operation has a 2200
gallon per minute capacity. Usually, each dairy cow tlush
lane has a flush lane valve, which opens for each lane for 5
minutes at a time during each flush cycle. Thus, 2,200
gallons per minute 1s flushed down each flush lane for 5
minutes, thereby using 11,000 gallons per flush cycle per
lane. Since a typical dairy farm has approximately 35 flush
lanes, and a typical dairy farmer flushes at least 4 times a
day, and each cow produces 15 gallons of waste per day, 1t
tollows that about 1,615,000 gallons of water per day must
be pumped and processed through the solid waste separator
betore the water 1s redirected back to the storage lagoon.

One prior-art system 1s described 1 U.S. Pat. No. 6,531,
057, 1ssued to the same mventor as the present invention. A
solid waste separator 1s coupled to a conveyor system. The
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conveyor system moves the solid waste from the solid waste
separator up a screen conveyor 320. The conveyor moves
the solid waste into a spring loaded tunnel press, which
removes excess water from the solid waste. The excess
water drains to either the process pit or the storage lagoon
through pipe 350. The solid waste drops and stacks 1nto a
solid waste stack 340.

It 1s known to pass a slurry over an inclined slot sieve to
remove liquid from a slurry as in the above-described
prior-art system. Gravity causes the slurry to courses over
the slot sieve. As the slurry descends, the water or other
liquid contained 1n the slurry passes through the slots to a
channel that captures the liqud, while and the solids con-
tinue down the top surface of the sieve. At the bottom of the
sieve, the solids pile up and cascades over a lower edge of
the sieve. A removal mechanism, such as a conveyor belt
running parallel to the bottom edge of the sieve assembly,
may be used to carry away the solids to allow the liquid
separation process to be continuous.

A typical slot sieve 10 1s shown i FIG. 1, constructed
from a plurality of bars 12 mounted on support rods 14 and
spaced apart to define slots 16. As may be seen from FIG. 1,
the width of the bars tapers from an 1nitial width at the front
surface to a narrower width where they are attached to the
support rods 14.

A significant problem in the prior art slurry separation
systems 1s that the slots 1n the sieve become clogged with
solid matter, which must be removed or else the operation of
the slurry separation system becomes less eflicient, with the
result that the solid component of the slurry retains an
increasing amount of the liquid as the slots become pro-
gressively more clogged.

The clogging of the slots requires maintenance measures
to be performed to keep the process running satistactorily. In
some 1nstances, a worker 1s sent to manually hose down the
slot sieve to dislodge the solid matter that has accumulated
in the slots. Such manual maintenance procedures are labor
intensive are generally not completely satistactory to main-
tain the system running at top efliciency.

Another problem 1in the prior art slurry separation systems
employed in the dairy industry 1s that a large amount of
liguid remains 1n the separated solids removed from the
solid waste separator. This 1s due to the fact that the
separation process 1s not eflicient. As a result of the high
moisture content, the piles of separated solids produced by
the prior art processes olten spontancously combust, both
ruining the solid material and preventing its use as cow
bedding as well as representing a fire hazard.

In some systems attempts have been made to automate
this maintenance somewhat. FIG. 2 shows a portion of a
typical slot sieve separator including a typical arrangement
for dislodging solids from the slot sieve. Separator assembly
20 includes an inclined housing 22 onto which one or more
slot sieve sections 24 are mounted on an inclined slot sieve
in a slurry separation system. A slurry (not shown) is
pumped to the top of the assembly and allowed to run down
the slot sieve 24. The slots are spaced apart by a distance that
allows the liquid component of the slurry to pass through
them into a channel (not shown) disposed below the slots
where 1t runs to the bottom of the assembly and 1s carried
away by pipes or conduits. The solid component of the slurry
passes down the sieve to the bottom, where 1t may be carried
away by means such as a conveyor belt (not shown).

A flexible hose 26 having a nozzle 28 at its end 1s mounted
above the sieve along a track 30 near the top of the separator
assembly 20 and 1s provided with a driving mechanism (not
shown) that allows 1t to be moved horizontally over sub-
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stantially the entire width of the assembly 20 to direct a
stream of water or other liquid at the face of the slots sieve.
This method 1s described in the aforementioned U.S. Pat.

No. 6,531,057.

While this arrangement has proved to be superior to
reliance on manual hosing maintenance operations, there are
several drawbacks to this method including that the water
stream 1s only directed along a small horizontal portion over
the entire length of the separator assembly 20. There thus
remains room for improvement of processes such as shown

in FIG. 2.

BRIEF DESCRIPTION

According to a first aspect of the present invention,
apparatus and methods for separating the solids and liquids
in a slurry are disclosed. A separator for separating the solids
and liquids from a slurry comprises a housing defimng a
liquid channel and oriented at an acute angle such that a top
end thereot 1s positioned higher than a lower end thereof. A
slot sieve extends between and supported at opposing side
edges of the housing and 1s suspended above the liquid
channel, the slot sieve including a vibration zone and at least
one reaction zone. The slot sieve including a plurality of
horizontally oriented members spaced apart to define slots
therebetween disposed over an open surface of the channel.
A slurry delivery apparatus delivers a slurry to the slot sieve
at a location proximate to the top of the liquid channel. A
liguid removal conduit i1s fluidly coupled to the liquid
channel at a location proximate to the bottom end thereof. A
mechanical vibrator assembly 1s mechanically coupled to the
vibration zone of the slot sieve to directly impart mechanical
vibration to the reaction zone of the slot sieve and to couple
the mechanical vibration to the at least one reaction zone of
the slot sieve to dislodge solids from slots 1n the slot sieve.

According to one 1llustrative embodiment of the inven-
tion, the slot sieve 1s supported on a plurality of spaced apart
support tabs extending inwardly from the opposing side
edges of the housing to engage side edges of the slot sieve
and by a lateral support member extending across the liquid
channel between the opposing edges of the housing. The
lateral support member i1s positioned at vertical position
defining an interface between the vibration zone and at least
one reaction zone.

According to another illustrative embodiment of the
invention, the slot sieve includes a vibration zone and
multiple reaction zones. The slot sieve 1s supported on a
plurality of spaced apart support tabs extending inwardly
from the opposing side edges of the housing to engage side
edges of the slot sieve. The slot sieve 1s further supported by
a plurality of lateral support members extending across the
liquid channel between the opposing edges of the housing.
Each lateral support member disposed at a different vertical
position along the housing and defines an interface, either
between the vibration zone and one of the reaction zones or
between adjacent ones of the reaction zones.

BRIEF DESCRIPTION OF THE DRAWING
FIGURES

FIG. 1 1s a bottom perspective view of a slot-sieve section
of the kind that may be used in practicing the present
invention.

FI1G. 2 1s a diagram showing a portion of a prior-art slurry
processing apparatus.

FI1G. 3 1s a diagram showing a perspective view of a liquid
separator that may be used 1n the present invention including
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4

a vibrator motor assembly mechanically coupled to the slot
sieve according to one embodiment of the present invention.

FIG. 4 1s a diagrammatic cross-sectional view of the
apparatus of FIG. 3 shows the slurry iput, the separation of
the slurry into liquid and solid components, and the removal
paths for the liquid and solid components from the appara-
tus.

FIG. § 1s a diagram showing a perspective view of the
liquid separator of FIG. 3 with the slot sieve removed and
illustrates how the slot sieve may be mounted on the
separator according to one embodiment of the present inven-
tion.

FIG. 6 1s a diagram showing an exploded view of the
liquid separator of FIG. 3 and further illustrates how the slot
sieve may be mounted on the separator according to one
embodiment of the present invention.

FIG. 7 1s a cross-sectional view showing the slot sieve
mounted on the support members of the liquid separator to
form vibration zones and reaction zones according to the
present mvention.

FIG. 8 1s a diagram that illustrates the vibrations of the
slot s1eve 1n vibration zones and reaction zones according to
the present mnvention.

DETAILED DESCRIPTION

Persons of ordinary skill in the art will realize that the
following description of the present invention 1s 1llustrative
only and not 1n any way limiting. Other embodiments of the
invention will readily suggest themselves to such skilled
persons.

Referring now to FIG. 3, a first 1llustrative embodiment of
a slurry separator 40 according to the present invention will
be described. An apparatus includes housing 42 defining a
liquid channel 44 oriented at an acute angle such that 1ts top
end 1s positioned higher than a bottom end thereof. A slot
sieve 46 1s disposed over the channel and has top and bottom
ends positioned above the top and bottom ends of the liquid
channel 42 and includes a plurality of horizontally oriented
members spaced apart to define slots therebetween as shown
in FIG. 2. In a typical non-limiting embodiment, the slurry
separator may have a width of about 8 feet and a height of
about 12 {feet, although persons skilled in the art will
appreciate that other sizes can be used.

A vibrator motor 58 1s mounted to mounting bar 60.
Mounting bar 60 1s mechanically coupled to the slot sieve
assembly 46. As may easily be seen from an examination of
FIG. 3, the mounting bar i1s coupled only to the slot sieve
assembly 46 and not to the housing 42. Vibrator motor 58
may be a commercially-available vibrator motor having a
rotational speed of, for example, 3,600 rpm. Persons of
ordinary skill in the art will appreciate that the size of
vibrator motor 58 i1s selected depending on the size of the
slot sieve apparatus being vibrated and will be easily able to
select a size for a given design. Typically a motor size of less
than 1 hp will be quite suilicient. Vibrator motor 58 may be
activated at intervals by a timer as 1s known 1n the art.

According to one embodiment of the invention, the slot
sieve assembly 46 1s provided 1n two sections 62a and 62b.
The top of the top section 62a and the bottom of the bottom
section 62b are athixed to the housing defining the liquid
channel. The mating top edge of the bottom section 625 and
bottom edge of the top section 62a are coupled to the
mounting bar 60 for vibrator motor 38 using adjustable-
tension springs so that the amount of vibration imparted to
the slot sieve assembly 46 can be adjusted.
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According to one aspect of the present invention, the
angle of the top portion of the slot sieve 1s greater than the
angle of the bottom section. In one exemplary embodiment,
an angle of about 60° 1s used for the top portion an angle of
about 50° 1s used for the bottom portion.

Referring now to FIG. 4, a cross sectional view of the
apparatus of FIG. 3 shows the slurry input, the separation of
the slurry into liquid and solid components, and the removal
paths for the liquid and solid components from the appara-

tus. A slurry delivery apparatus delivers slurry to the top of
the slot sieve. In many instances the slurry delivery appa-
ratus will include 1nlet pipe 50 through which the incoming,
slurry 1s pumped as shown at reference numeral 52. The
pump 1s not shown 1n the figure. A liquid removal conduit
(shown as pipe 54) 1s fluidly coupled to the liquid channel
44 at a location proximate to the bottom end thereof. A
conveying apparatus 36 (shown 1n end view) 1s positioned to
convey away solids that drop from the bottom end of the slot
s1eve.

According to one aspect of the present invention, the
angle of the top portion of the slot sieve 1s greater than the
angle of the bottom section. In one exemplary embodiment,
an angle of about 60° 1s used for the top portion and an angle
of about 50° 1s used for the bottom portion.

The surface of the slot sieve 1s divided into at least one
vibration zone and one reaction zone. The vibrator motor 58
1s mechanically coupled to the slot sieve in the vibration
zone and 1imparts mechanical vibrations to the slot sieve on
vibration zone. The vibrations are mechanically coupled to
the slot sieve and cause the slot sieve to vibrate in one or
more reaction zones.

As may best be seen 1 FIG. 5, a view of the housing 44
shown with the slot sieve 46 removed, one mounting method
for the slot sieve 1s shown. FIG. 5 illustrates how the slot
sieve may be mounted on the separator 1n order to create the
vibration and reaction zones according to one embodiment
of the present invention. As may be seen from FIG. 5, the
slot sieve 1s supported at its sides and rests on a plurality of
mounting tabs, only one of which 1s 1dentified by reference
numeral 64 to avoid overcrowding the drawing, extending,
inwardly from the inner surfaces of the side walls of the
housing 42 of the liquid separator. A plurality of support
beams 66 extend across the housing 42 of the liquid sepa-
rator between the side walls. Five such support beams are
shown in the illustrative embodiment shown i FIG. 5.
These support beams support the slot sieve across 1ts entire
width and also act to create the vibration zone and the
reaction zones of the slot sieve. The motor 58 1s mounted on
the slot sieve at a position between an adjacent pair of the
support beams 66.

FIG. 6 1s a diagram showing an exploded view of the
liquid separator of FIG. 3 and further illustrates how the slot
sieve may be mounted on the separator housing 42 accord-
ing to one embodiment of the present invention. As may
further be seen {from FIG. 6, the motor 1s mounted on the slot
sieve at a position between an adjacent pair of the support
beams to mechanically couple vibrations from the vibrator
motor 58 to the slot sieve in the vibration zone.

Referring now to FIGS. 7 and 8, the vibration zone and
reaction zones of the slot sieve may be further understood.
FIG. 7 1s a cross-sectional view showing the slot sieve
mounted on the support members of the liquid separator to
form vibration zones and reaction zones according to the
present invention. It may be seen that FIG. 7 shows the
motor 38 mounted between an adjacent pair of the support
beams to impart maximum vibration to the slot sieve.
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FIG. 8 1s a diagram that illustrates the vibrations of the
slot sieve 1n vibration zones and reaction zones according to
the present invention. The support beams 66 act as pivot
points and transmit vibrations coupled to the slot sieve by
the motor 58 1n the vibration zones to the reaction zones. The
arrows represent mechanical excursions of the slot sieve, the
arrow to the left indicating mechanical vibration imparted to
the vibration zone and the arrow to the rnight indicating
vibration coupled to the reaction zone. Persons of ordinary
skill 1n the art will appreciate that the amplitudes of the
mechanical excursions shown 1n FIG. 8 are exaggerated for
purposes of illustration.

It should be appreciated that 1n the foregoing description
of exemplary embodiments of the invention, various iea-
tures of the invention are sometimes grouped together 1n a
single embodiment, figure, or description thereof for the
purpose of streamlining the disclosure and aiding in the
understanding of one or more of the various inventive
aspects. Inventive aspects lie 1n less than all features of a
single foregoing disclosed embodiment, and each embodi-
ment described herein may contain more than one mventive
feature.

While embodiments and applications of this invention
have been shown and described, 1t would be apparent to
those skilled in the art that many more modifications than
mentioned above are possible without departing from the
inventive concepts herein. The invention, therefore, 1s not to
be restricted except 1n the spirit of the appended claims.

What 1s claimed 1s:

1. A separator for separating the solids and liquids from a
slurry comprising:

a housing defimng a liquid channel and oriented at an
acute angle such that a top end thereof 1s positioned
higher than a lower end thereof;

a plurality of spaced apart support tabs extending
inwardly from the opposing side edges of the housing;

a plurality of spaced apart lateral support members
extending across the liquid channel between the oppos-
ing edges of the housing, each lateral support member
extending completely between the opposing side edges
of the housing;

a slot sieve extending between and supported at opposing,
side edges of the housing and suspended above the
liquid channel, the slot sieve including a plurality of
horizontally oriented members spaced apart to define
slots therebetween disposed over an open surface of the
channel, the slot sieve resting on the plurality of spaced
apart support tabs and on the plurality of spaced apart
lateral support members;

a slurry delivery apparatus for delivering the slurry to the
slot sieve at a location proximate to the top of the liquid
channel;

a liquid removal conduit fluidly coupled to the liquid
channel at a location proximate to the bottom end
thereof;

a mechanical vibrator assembly including a wvibrator
motor mounted on a mounting bar coupled only to the
slot sieve, and at a position on the slot sieve between an
underlying adjacent pair of the plurality of lateral
support members to directly impart mechanical vibra-
tion to the slot sieve.

2. The separator of claim 1 wherein the slot sieve has a

slot width of about 0.02 inch.

3. The separator of claim 1 wherein the slot sieve has a
slot width of about 0.01 inch.

4. The separator of claim 1 wherein the slot sieve has a
slot width of about 0.007 inch.
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5. The separator of claim 1 wherein the slot sieve has a
slot width of between about 0.007 inch and about 0.01 inch.

6. The separator of claim 1 wherein the slot sieve 1is
formed as a bottom section and a top section rigidly coupled
to one another.

7. The separator of claim 6 wherein the top section of the
slot sieve 1s disposed at an angle of about 60° and the bottom
section 1s disposed at an angle of about 50°.

8. The separator of claim 6 wherein:

the top section of the slot sieve 1s fixed to the housing at
a top end thereof;

the bottom section of the slot sieve 1s fixed to the housing
at a bottom end thereof;

a bottom end of the top section and a top end of the bottom
section are coupled to the housing by adjustable
springs; and

the mechanical wvibrator assembly 1s mechanically
coupled only to the bottom end of the top section and
the top end of the bottom section of the slot sieve.

9. A separator for separating the solids and liquids from a

slurry comprising;

a housing defining a liquid channel and orniented at an
acute angle such that a top end thereof 1s positioned
higher than a lower end thereof;

a plurality of spaced apart support tabs extending
inwardly from the opposing side edges of the housing;

a plurality of spaced apart lateral support beams extending,
across the liquid channel between the opposing edges
of the housing, each lateral support beam extending
completely between the opposing side edges of the
housing;

a slot sieve 1mncluding a plurality of horizontally oriented
members spaced apart to define slots therebetween, the
slot sieve suspended above the liquid channel and
extending between and resting on both the spaced apart
support tabs at opposing side edges of the housing and
on the plurality of spaced apart lateral support mem-
bers:

a slurry delivery apparatus for delivering the slurry to the
slot sieve at a location proximate to the top of the liquid
channel;
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a liquid removal conduit fluidly coupled to the liquid
channel at a location proximate to the bottom end
thereof;

a mechanical vibrator assembly mechanically coupled to
the slot sieve, and at a position on the slot sieve
between a first adjacent pair of the plurality of lateral
support beams to create a vibration zone between the
first adjacent pair of the plurality of lateral support
beams by directly imparting mechanical vibration to
the slot sieve between the first adjacent pair of the
plurality of lateral support beams and to couple the
mechanical vibration to reaction zones defined between
other adjacent pairs of the plurality of lateral support
beams.

10. The separator of claim 9 wherein the slot sieve has a

slot width of about 0.02 inch.

11. The separator of claim 9 wherein the slot sieve has a

slot width of about 0.01 inch.

12. The separator of claim 9 wherein the slot sieve has a
slot width of about 0.007 inch.

13. The separator of claim 9 wherein the slot sieve has a
slot width of between about 0.007 inch and about 0.01 1nch.

14. The separator of claim 9 wherein the slot sieve 1s
formed as a bottom section and a top section rigidly coupled
to one another.

15. The separator of claim 14 wherein the top section of
the slot sieve 1s disposed at an angle of about 60° and the
bottom section 1s disposed at an angle of about 50°.

16. The separator of claim 6 wherein:

the top section of the slot sieve 1s fixed to the housing at
a top end thereof;

the bottom section of the slot sieve 1s fixed to the housing
at a bottom end thereof;

a bottom end of the top section and a top end of the bottom
section are coupled to the housing by adjustable
springs; and

the mechanical wvibrator assembly 1s mechanically
coupled to the bottom end of the top section and the top
end of the bottom section of the slot sieve.
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